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(54) High-transverse-curvature tire, in particular for use in front wheels of motor-vehicles 

(57) In a high-transverse-curvature tire (1), in partic- 
ular to be mounted on the front wheel of a motor-vehi- 
cle, comprising a belt structure (6) including, in a radially 
external layer (9a), a plurality of circumferential coils 
(7a), axially arranged side by side, of a cord (7) wound 
at a substantially zero angle with respect to the equato- 
rial plane (X-X) of the tire, the area occupied by rubber 
blocks (10) formed in a portion of the tread band (8) 
having a length equal to the pitch (p) of the tread pattern 
and a width equal to the axial development of the tread 
band (8), is between 70% and 90% of the total area of 
said portion. Such a tire (1) advantageously couples a 
substantial reduction in the shimmy effect with a good 
wet grip and a reduction in both the braking distance 
and aquaplaning phenomena on wet road. 
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Description 

The present invention relates to a high-transverse- 
curvature tire, having a curvature ratio not lower than 
0.3, in particular for use in motor-vehicles, comprising: 

a carcass structure of toric form having a high 
transverse curvature and provided with a central 
crown portion and two sidewalls ending in a couple 
of beads for anchoring onto a corresponding 
mounting rim; 

a belt structure, circumferentially inextensible, 
coaxially extended around the carcass structure; 

a tread band coaxially extended around the belt . 
carcass and comprising a plurality of rubber blocks 
defined between a plurality of grooves extending 
along a direction substantially transverse to the run- 
ning direction of the tire, said grooves comprising a 
bottom connected to opposite inlet and outlet side- 
walls extending substantially perpedicularly to said 
bottom. 

In the following description and in the appended 
claims, the expression: "sidewalls substantially perpen- 
dicular to the groove bottom" is used to indicate walls 
that form - with respect to a plane perpendicular to the 
bottom - an angle varying from 0° to 5°. 

More particularly, the invention relates to a front tire 
for two-wheeled motor-vehicles, wherein the high trans- 
verse curvature is defined by particular values of the 
ratio between the height of the tread crown from the line 
passing through the tread axial ends or "camber" of the 
tread band, said line being measured at the equatorial 
plane, on the one hand, and the distance between said 
tread band ends on the other hand. Said value, prefera- 
bly not lower than 0.3, is anyhow higher than the value 
related to the corresponding rear tire, usually not lower 
than 0.15. 

In the following description and in the appended 
claims, said ratio will be indicated by the term: "curva- 
ture ratio". 

As is known, tires for two-wheeled vehicles have 
been manufactured for a long time with a carcass struc- 
ture comprising a couple of plies of rubberized fabric 
reinforced with cords symmetrically inclined with 
respect to the tire equatorial plane, which structure is 
usually known as cross-plies carcass, and possibly a 
belt structure also comprising couples of strips of rub- 
berized fabric provided with cords inclined with respect 
to the tire equatorial plane. 

While such tire structure could ensure an extremely 
regular curve holding of the motor-vehicle, the use of 
this type of tires involved problems of comfort, stability, 
road holding of the vehicle and weariness of the driver, 
due to their excessive stiffness. 

The structure of these tires, in tact, accumulated - 



under the effect of an imposed deformation - elastic 
energy which was given back almost instantaneously 
upon termination of the stress, amplifying the uneven- 
nesses transmitted by the road surface layer, with ensu- 

5 ing stability loss of the vehicle. 

In particular, during the straightaway running such 
excessive stiffness causes, at low speeds, high fre- 
quency (8-10 Hz) oscillations on the front tire (shimmy 
effect), causing driving to be precarious. 

io To try to obviate these problems, it has recently 
been proposed in co-pending patent application no. 
MI96A001026,filedonMay22, 1996 by the same Appli- 
cant, the use of a radial-ply tire provided with a belt 
structure comprising circumferentially-oriented cords, 

rs preferably metal cords, also indicated by the term: zero- 
degree cords. 

This type of tires has unquestionably improved the 
situation in terms of comfort and driving stability: in fact, 
the oscillations of the vehicle at straightaway high 

20 speeds have disappeared and in particularly the 
shimmy effect has been substantially eliminated. 

However, even if improvements as to the comfort 
and reduction of the driver's weariness have been 
achieved, the tires of the aforesaid type have not 

25 allowed, at least so far, neither to improve the wet grip of 
the vehicle nor to increase the wear resistance and, 
consequently, the kilometric yield of the tread band. 

According to the present invention, the Applicant 
has now realized that the problem of achieving such 

30 desired characteristics can be solved by combining a 
belt structure having zero-degree cords and a particular 
pattern of the tire tread, such as to provide a given ratio 
between the area occupied by the rubber blocks and the 
area occupied by the grooves (or solid/hollow area 

35 ratio). 

Therefore, the present invention provides a tire of 
the type indicated hereinabove, which is characterized 
in that: 

40 a) said bett structure comprises at least a radially 
external layer including a plurality of circumferential 
coils, axially arranged side by side, of a cord wound 
at a substantially zero angle with respect to the 
equatorial plane of the tire; and in that 

45 

b) the area occupied by said rubber blocks in a por- 
tion of tread band having a length equal to a pitch of 
the tread pattern and a width equal to the axial 
development of the tread band is between 70% and 
so 90% of the total area of said portion. 

According to the invention, the Applicant has found 
that by adopting a belt structure with zero-degree cords 
it is possible to obtain a higher degree of freedom in the 
55 design of the tread pattern, substantially overcoming 
the limit represented by the need of having a large solid 
area (i.e. a large area occupied by the rubber blocks) to 
ensure an adequate wear resistance of the tire. 
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According to the invention, in fact, it has surpris- 
ingly been found that by adopting a belt structure with 
zero-degree cords, it is possible to reduce the area of 
the rubber blocks, and therefore the solid/hollow area 
ratio, with respect to that of the tires of the prior art with- 5 
out affecting the wear resistance of the tire and achiev- 
ing at the same time the following important 
advantages: 

a) an improvement of tire capacity of draining off the 10 
water present under the tire ground-contacting area 
(aquaplaning); 

b) an improvement of shimmy behaviour of the tire 

in spite of the presence of a greater hollow area is 
under the tire ground-contacting area; 

c) maintenance of a high directional stability of the 
;:tire, whatever the use conditions, and especially 

while travelling over a curvilinear path; 20 

d) an improvement of braking behaviour of the vehi- 
cle with a reduction of the vehicle braking distance. 

* . • 
^More particularly, according to the invention, such 25 
characteristics are achievable when, as indicated here- 
inabove, the area occupied by the rubber blocks formed 
in a portion of the tread band having a length equal to 
the pitch of the tread pattern and a width equal to the 
axial development of the tread band, is between 70% so 
and 90% of the total area of said portion. 

In the following description and in the appended 
claims, the term: axial development of the tread band, is 
used to indicate the extension in width of the latter as 
measured along the peripheral surface of the tire. 35 

In the following description and in the appended 
claims, the term: pitch of the tread pattern, is used to 
indicate the length, measured along the circumferential 
development of the tread band, of a portion of the tread 
pattern which periodically repeats for a finite number "n" 40 
of times throughout the whole circumferential develop- 
ment of the tread band. 

In the present case, therefore, the pitch of the tread 
pattern is equal to the distance between the starting 
points of two subsequent repetitive portions of the tread 45 
pattern, measured along the circumferential develop- 
ment of the tread band. 

Preferably, the solid area is between 80% and 85%. 
and. still more preferably, it is equal to about 83% of the 
total area of said portion having a length equal to the so 
pitch of the tread pattern and a width equal to the axial 
development of the tread band. 

Advantageously, furthermore, the adoption of a belt 
structure with zero-degree cords in a radially external 
layer of the same allows to increase both the directional ss 
stability and the tire ground-contacting area, i.e. the 
area where the tire gets in touch with the ground, in any 
use condition of the tire. 



Thanks to this feature, both the stresses due to slid- 
ing on the road and the stresses due to hysteresis dissi- 
pation in the rubber composition of the tread band are 
reduced, with an advantageous increase in wear resist- 
ance of the tire. 

Preferably, the cord coils comprise high elongation 
cords made from high carbon content steel wires. 

Alternatively, the cord coils may comprise aramidic 
textile cords. 

Preferably, furthermore, the cord coils arranged at a 
substantially zero-degree angle with respect to the 
equatorial plane of the tire are distributed with variable 
thickness along the axial development of the belt struc- 
ture. 

According to this embodiment of the invention, the 
distribution thickness of the cord coils changes progres- 
sively along the belt structure, preferably progressively 
increasing from the equatorial plane towards the ends 
of the belt structure according to a predetermined rela- 
tion. 

In this way, it is advantageously possfcle to obtain a 
belt structure which is at the same time flexible in the 
middle, to absorb and damp the vibrations due to the 
ground roughness, and rigid at the sides, to develop 
high slip thrusts. 

In accordance with the experiments of the Appli- 
cant, such relation may conveniently have the following 
expression: 

D 2 



Nx=K~2 No 



wherein: 



No is the number of cord coils arranged in a central 
portion of unitary length located on either side the 
equatorial plane; 

R is the distance between the center of said portion 
and the rotation axis of the tire; 

- r is the distance between the center of the unitary 
portion between the equatorial plane and the axial 
ends of said radially external layer and the rotation 
axis of the tire; 

K is a parameter that takes into account the constit- 
uent material and the cord formation, as well as the 
amount of rubber around the cord and the weight of 
the radially-internal layer portion at said unitary por- 
tion, which is variable with variations in the material 
type and structural features of the belt strips along 
the crown profile that diverge from a reference 
value. 

This parameter K may take a value substantially 
close to 1 if the cords have the same formation and all 
the connected materials are the same throughout the 
layers, or different values according to variations in the 
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materials and formation of the reinforcing elements 
along the peripheral extension of the belt structure. 

A distribution of the cords in accordance with such 
relation ensures both the uniformity of the stress acting 
on the belt structure during use of the tire, as a conse- 
quence of the centrifugal force applied, and the neces- 
sary differentiated stiffness along the axial direction. 

Clearly, those skilled in the art may find other rela- 
tions which, according to the aforementioned design 
variables, would allow to achieve at the same time a dif- 
ferentiated stiffness along the axial direction and a 
stress uniformity in the belt structure of the running tire, 
by varying in a controlled manner the thickness of the 
above cords. 

Preferably, the winding thickness of the cords at 
zero-degree in the area located on either side of the 
equatorial plane, where the maximum thinning out takes 
place, is not greater than 8 and more preferably is 
between 3 and 6 cords/cm. 

The axial width of said zone varies preferably from 
10% to 30% of the axial development of the belt 

Preferably, the quantity of cords in said central area 
is equal to a value between 60% and 80% of the quan- 
tity of cords near the tire shoulders, where the thickness 
of said cords is preferably not greater than 10 and more 
preferably included between 6 and 8 cords/cm. 

The cord coils of the aforesaid radially external 
layer are wound on a reinforcing layer in a racially inter- 
nal position, which, in a preferred embodiment, is 
essentially consisting of a sheet of elastomeric material 
placed between said cord coils and the carcass ply. pos- 
sibly filled with binding agents dispersed in said mate- 
rial. 

Preferably, said binding agents comprise reinforc- 
ing fibrous fillers of a material selected from the group 
comprising: textile, metal and glass fibers or short f ibril- 
lated aramid fibres, randomly arranged or oriented 
according to a preferred direction, inclined with respect 
to said equatorial plane. 

Preferably, said reinforcing fibrous fillers are homo- 
geneously distributed in said elastomeric matrix with a 
density per volume unit of from 0.5% to 5% of the total 
volume. 

Still more preferably, the reinforcing fibrous fillers 
are short fibers formed with fibrils of aramid homogene- 
ously distributed in the sheet of elastomeric material in 
a quantity of from 1 and 10 parts by weight per 100 
parts by weight of elastomer (phr). 

According to a further embodiment, the radially 
internal layer may comprise two strips axially ananged 
side by side, provided with reinforcing elements ori- 
ented according to inclined directions in each strip and 
opposite to one another in the two strips with respect to 
the equatorial plane of the tire. 

Alternatively, the radially internal layer may com- 
prise two radially superposed strips provided with rein- 
forcing elements parallel to one another in each strip 
and crossed with the elements of the adjacent strip, 



symmetrically inclined with respect to the equatorial 
plane of the tire; in this case, the reinforcing elements in 
one of said strips can be of a different material from that 
of the reinforcing elements of the radially adjacent strip. 

s Conveniently, the reinforcing elements of said radi- 
ally internal layer are selected from the group compris- 
ing textile cords and metal cords. 

Advantageously, and in any embodiment said radi- 
ally internal layer may be interrupted in correspondence 

10 of the equatorial plane for a portion of width preferably 
ranging from 10% to 30% of the axial development of 
said belt 

In a preferred embodiment of the present invention, 
the grooves transversal ly extend along the tread band 
75 according to a curvilinear path substantially parallel to 
the so-called wear waves (also known by the term 
"Schlamack waves", after the name of the researcher 
who has theorized the phenomenon) of the tread band. 
Such a conformation of the grooves, in fact advan- 
ce tageously allows to reduce the wear of the tread band 
and contributes to reduce the tire noise during running 
of the vehicle. 

Preferably, just to better follow the aforesaid wear 
waves, the grooves have at least a curvature center 
25 positioned upstream of the same at the opposite side 
zones of the tread band, external to said equatorial 
zone 

In such side zones, the grooves preferably have a 
curvature radius of from 120 to 180 mm. 

30 Preferably, the tire of the present invention com- 
prises at least a groove substantially extending through- 
out the whole axial development of the tread band 
according to a substantially double-inflection curvilinear 
path, including opposite lateral portions having their 

35 respective curvature centres positioned upstream of the 
groove and on opposite sides with respect to said equa- 
torial plane of the tire. 

Also in this case, the opposite lateral portions of 
such a groove preferably have a curvature radius of 

40 from 120 to 180 mm. 

Preferably, furthermore, at least one of the lateral 
portions of such double-inflection path groove transver- 
sal ly extends along the tread band through substantially 
the whole width of the equatorial zone of the tire and the 

45 whole width of one of said side zones of the tread band. 
Preferably, said opposite lateral portions of the 
groove having a dodble-inflection path are connected 
through an intermediate portion, having a curvature 
center positioned downstream of the groove, extending 

so exernally to the equatorial zone and in at least a part of 
one of the side zones of the tire tread. 

Preferably, such intermediate connecting portion 
has a curvature radius of from 20 to 40 mm. 

According to this embodiment of the invention, the 

55 grooves having a double-inflection path act as connect- 
ing elements between grooves formed in opposite parts 
of the tread band and shaped according to the wear 
waves. 
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Advantageously, the double-inflection grooves, not 
only optimize the wear of the tread band in terms of uni- 
formity and reduction of wear velocity, but also contrib- 
ute to a still more effective evacuation of the water 
present under the tire ground-contacting area. 

In this way, the draining capacity of the tire 
improves to such an extent that, when it is mounted oh 
the front wheel of a motor-vehicle, the rear tire travels 
on a "track" substantially free from water. 

According to a further embodiment of the present 
invention, particularly preferred in case of high perform- 
ance tires, in an equatorial zone of the tire the outlet wall 
of the grooves is inclined with respect to their bottom 
towards a direction opposite to the running direction of 
the tire and forms with respect to a plane (n) tangent to 
said bottom an angle (a 1 ) of from 100° to 130?. 

In the following description and in the appended 
claims, the terms: "inlet" and "outlet" are used to indi- 
cate - with reference to the structural features of the 
grooves - the parts of the grooves which are stressed 
first or get in touch first with the ground during tire rolling 
and;; respectively, the parts of the grooves that are 
stressed after a predetermined angular rotation of the 
wheel: 

" In the same way, in the following description and in 
the appended claims, the terms: "upwards" and "down- 
wards" are used to indicate - with reference to the posi- 
tion of ; the grooves - those parts of the tread band, for 
instance the rubber blocks, that are stressed or get in 
toiiSrwith the ground during the tire rolling before and, 
respectively, after said grooves. 

, In the following description and in the appended 
claims, furthermore, all the angular values will be meas- 
ured in counterclockwise direction, starting from a plane 
(n) tangent to the groove bottom. 

According to the invention, when the value of angle 
a* formed by the inlet wall of the grooves is within the 
range of values mentioned hereinabove, it has been 
noticed a rigidity increase of the rubber blocks posi- 
tioned downwards of the grooves in the very zone of the 
tread band subject to greater stresses during running of 
the vehicle and in particular during braking, with a sub- 
stantial reduction of wear phenomena and a simultane- 
ous achievement of a more uniform wear of the tread 
band. 

Thanks to this conformation of the grooves outlet 
walls, the following additional advantages have also 
been achieved: 

a) possibility of reducing the weight of the tire and, 
along therewith, of reducing both the disturbing 
effects on vehicle trim caused by impacts or ground 
roughness and the braking distance because of the 
lower inertia of the tire; 

b) an increase in braking capacity of the tire, which 
allows a further reduction of the braking distance of 
the vehicle; 
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c) a greater wear uniformity of the tire tread, with an 
ensuing advantaigeous increase in road holding of 
the same; 

5 d) a lower rolling resistance of the tire, with an 
ensuing consumption reduction. 

Preferably, the angle a' is between 1 10° and 120° 
and still more preferably, it is equal to about 1 1 5°: in fact, 
an optimum rigidity of the rubber blocks positioned 
downstream of the grooves has been found within such 
range of values, while above 130° the tire has shown an 
undesired and progressive loss of grip a wear increase 
and rolling unevenness. 

Preferably, the equatorial zone of the tread band 
interested by the desired inclination of the outlet walls of 
the grooves extends on either side of the equatorial 
plane of the tire for a portion having a width of from 1 0% 
to 35% of the axial development of said tread band. 

Still more preferably, such equatorial zone extends 
on either side of the equatorial plane of the tire for a por- 
tion having' a width of from 25% to 30% of the axial 
development of the tread band. 

Preferably, the inclination of the outlet walls of the 
grooves, i.e. the value of angle (a 1 ), is substantially con- 
stant within the equatorial zone of the tread band, as 
specified hereinabove. 

It has in fact been found that such feature contrib- 
utes to achieve, in the very tread zone more stressed 
during braking, the rigidity of the rubber blocks neces- 
sary to obtain a substantial reduction in the aforemen- 
tioned phenomena of wearing irregularity, accompanied 
by a quick degradation of the outlet edges of the 
grooves and loss of braking capacity of the tire. 

At the opposite side portions of the tread external to. r 
said equatorial zone, on the contrary, the value of angle 
(a 1 ) linearly reduces as one moves away from the equa- 
torial plane (X-X). and according to the chord of the tire, 
down to a minimum value of from 90° to 100°. which 
value is reached near opposite end portions of the tread 
band. 

In other words, the inclination of the outlet walls of 
the grooves progressively increases with respect to 
plane (tc) tangent to their bottom, until it is reached - only 
and solely in correspondence of opposite end portions 
of the tread band - the configuration of "substantial per- 
pendicularity" shown by the grooves formed on the tires 
of the prior art throughout the whole axial development 
of the tread band. 

Since the length of the grooves, according to the 
special tread pattern one wants to realize, may also be 
shorter than the whole axial development of the tread 
band, it ensues that the inclination of the outlet wall of 
the grooves takes a predetermined value, in accord- 
ance with the variation rule defined hereinabove, 
depending on its position (equatorial zone rather than 
side zones) on said tread band. 

This means that the aforementioned variation in the 



EP 0 822 103 A1 



15 



20 



25 



. 30 



35 



40 



45 



50 



5 

CIO: <EP 0822103A1 I > 



9 



EP 0 822 103 A1 



10 



inclination of the grooves inlet walls from 130° to 90° will 
take place only for those grooves having such a length 
as to span along the whole axial development of the 
tread band, while for those grooves positioned only in 
the side zones of the tread band and having such a 
length as to be outside of the equatorial zone, the varia- 
tion of the values of a', inversely proportional to the incli- 
nation of the outlet walls with respect to plane it. may be 
limited to a range from, for instance, a maximum value 
of 1 1 5° (minimum inclination of the wall) to a minimum 
value of 95° (maximum inclination of the wall) as one 
moves away from the equatorial plane of the tire. 

According to a preferred feature of the invention, 
furthermore, in the equatorial zone of the tread band, 
the inlet wall of the grooves formed in the tread band is 
inclined with respect to their bottom towards the roHing 
direction of the tire and forms, with respect to a plane (it) 
tangent to said bottom, an angle (a) of from 80° to 90°. 

In other words, the inlet walls of the grooves show in 
the equatorial zone of the tread band a configuration of 
"substantial perpendicularity" which imparts to the rub- 
ber block upstream thereof the mobility necessary to 
ensure an adequate road holding. 

In the same way as has been illustrated herein- 
above with reference to angle a' formed by the outlet 
wall of the grooves, angle a as well is preferably sub- 
stantially constant throughout the whole equatorial zone 
of the tread band. 

In accordance with a further preferred feature of the 
invention, the angle a formed by the inlet wall of the 
grooves linearly decreases as one moves away from the 
equatorial plane (X-X), and according to the chord of 
the tire in the opposite side zones of the tread band 
external to said equatorial zone, down to a minimum 
value of from 50° to 80°, reached at opposite end por- 
tions of the tread band. 

Preferably, said angle a is between 60° and 70° 
and. still more preferably, it is equal to about 65°. 

In other words, the inlet walls of the grooves pro- 
gressively reduce their inclination with respect to the 
plane (n) tangent to their bottom and towards the tire 
rolling direction, until they reach, at opposite side zones 
of the tread band, a configuration "symmetrical" to that 
shown by the grooves of the equatorial zone of the tread 
band. 

In this way, an optimum rigidity of the rubber blocks 
positioned upstream of the grooves, which - coupled 
with the mobility of the dowstream positioned rubber 
blocks - causes both an adequate directional stability 
and an adequate road holding of the tire, has been 
achieved in the side zones of the tread band. 

In a further embodiment of the invention, it has 
been found that, by making the carcass beads of ara- 
midic fiber, a tire structure is obtained that has an 
improved flexibility of the beads which makes the oper- 
ation of mounting the tire on the rim easier. 

Further characteristics and advantages will be 
more readily apparent by the following description of a 
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preferred embodiment according to the invention, solely 
provided by way of non limitative indication, reference 
being made to the attached drawings. 
In such drawings: 

Figure 1 shows a cross-section view of a tire 
according to the invention, taken along line U of 
Figure 2; 

Figure 2 shows a plan development of a portion of 
the tread band of a tire according to the invention; 

Figure 3 shows a simplified diagrammatic plan view 
of a belt structure portion in the absence of the 
underlying carcass, in a first convenient embodi- 
ment, 

Rgure 4 shows a view, similar to that of Figure 3, of 
a different alternative embodiment of the radially 
internal layer of said belt structure; 

Figure 5 shows a diagram of the preferred rule of 
variation of angles a and a', formed by the inlet and 
outlet walls of the grooves as a function of the dis- 
tance from the equatorial plane measured along 
the chord of the tire of Figure 1 ; 

Figures 6a-6c show enlarged scale cross-sections 
of a groove of the tire of Rgure 1 , taken at the equa- 
torial plane and, respectively, at opposite end por- 
tions of the tread band of the tire of Figure 1 ; 

Rgures 7 and 8 show respective cross-sections of 
a groove, taken in different positions along the axial 
development of the tread band, along lines A- A' and 
B-B' of Figure 2. 

In Rgure 1, 1 indicates a high-transverse-curvature 
tire intended for two-wheeled vehicles, in particular to 
be mounted on the front wheel of a motor-vehicle. 

As is known, in order to have a good directional sta- 
bility and a good controllability of the vehicle, the front 
tire must have a section of reduced width, which gives 
rise to the need of a high transverse curvature of the 
tread band. 

The amount of this transverse curvature is defined 
by the specific value of the ratio between distance tn 
(measured along the equatorial plane X-X) of the tread 
crown from line b-b passing through ends C of the tread 
band, and distance wt measured along the chord of the 
tire between said ends. 

If the tread ends cannot be easily identified, for 
instance due to lack of a precise reference such as the 
corner indicated by Q in Figure 1. the value of the tire 
maximum chord may be assumed as distance wt 

As has already been said, this ratio is called curva- 
ture ratio of the tread band. 

The curvature ratio for front tires of motor-vehicles 
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is usually greater than 0.3 and in any case always 
greater than that of the corresponding rear tire which 
has a curvature ratio usually not smaller than 0.15. 

Tire 1 comprises a carcass structure 2 having a 
central crown portion 16 comprising at least a carcass 5 
ply 3 defining two sidewalls whose side edges 3a are 
turned around respective bead cores 4. 

On the external peripheral edge of bead cores 4 an 
elastomeric filling 5 is applied which fills the space 
defined between the carcass ply 3 and the correspond- 
ing folded-back side edge 3a of the carcass ply 3. 

As is known, the tire zone comprising the bead core 
4 and the filling 5 forms the so-called bead, globally indi- 
cated by 15, intended for anchoring the tire onto a cor- 
responding mounting rim, not shown. 

A belt structure 6, which comprises at least one 
radially external layer 9a and preferably at least one 
radially internal layer 9b, both comprising structure rein- 
forcing elements, is coaxially associated to said carcass 
structure 2. 

More precisely, the reinforcing elements of the radi- 
ally, external layer 9a are cords 7, or at least a cord or a 
strip of a few cords (preferably 2 to 5) spirally wound on 
the central crown portion 16, from one end to the other 
of the carcass structure 2. 

^According to such an arrangement, cords 7 form a 
plurality of circumferential coils 7a, substantially ori- 
ented according to the rolling direction of the tire, wich 
direction is usually called at "zero degree* with refer- 
ence to its position with respect to the equatorial plane 
X-X'bf the tire. 

Preferably, the cord coils 7a are wound on the car- 
cass structure 2 according to a variable pitch, and any- 
how, with a variable thickness increasing from the center 
towards the ends of the belt structure 6, as will appear 
more clearly hereinbelow. 

Even though the spiralling by itself and the pitch 
variability involve a winding angle different from zero, 
this angle remains so small that it may substantially be 
considered as always equal to zero degrees. 

It is here specified that the following description will 
ialways refer to cords, which term is intended to indicate 
also elementary wires or untwisted yarns, whenever the 
text will allow. 

It is also pointed out that a constant winding pitch 
along the perimeter extension of the belt structure 6 
gives rise in any case to a variable thickness in an axial 
direction by effect of the curvature of the carcass struc- 
ture 2. 

In a preferred embodiment, said cords 7 are the 
well-known high elongation (HE) metallic cords, the use 
and features of which have already been widely 
described for instance in European Patent no. 0 461 
464 of the same Applicant. 

Preferably, such cords are made of high-carbon 55 
(HT) steel wires, i.e. steel wires with a carbon content 
higher than 0.9%. In particular, in a specific prototype 
prepared by the Applicant, the helical winding of the 



layer of circumferential cord coils 7a consists of a single 
cord 7, known as 3x4x0.20 HE HT, spiralled from one 
end of the belt to the other. The above description 
defines a metal cord formed of three strands each con- 
sisting of four elementary wires wound in the same 
direction as the strands and having a diameter of 0.20 
mm; as is known, the abbreviation HE means "high 
elongation" and the abbreviation HT means "high ten- 
sile" steel, i.e. high carbon content steel. 

Such cords have an ultimate elongation of from 4% 
to 8%, and a typical behavior to tensile stress, the well 
known and so called "spring behaviour". 

As to the different techniques for winding the cords 
around the carcass, these too are well known and since 
they do not form part of the invention they are not illus- 
trated herein 

Clearly, the preferred use of metal wires does not 
exclude, for the purposes of the invention, the use of 
other cords, in particular the likewise known textile 
cords made of aramidic fiber, commercially known as 
Kevlar®, registered Trademark of Dupont 

Preferably, the distribution thickness of the cord 
coils 7a progressively changes along the layer, from the 
equatorial plane X-X towards the ends, preferably 
according to a predetermined relation. 

In a particularly advantageous embodiment, the 
aforesaid relation keeps to a substantially constant 
value the product of the mass of the cord coils arranged 
within a unitary portion of given value along the whole 
axial development of the belt by the square of the dis- 
tance between the center of said portion and the rota- 
tion axis r-r of the tire, so that during tire rotation the 
resulting centrifugal forces in each of said portions have 
all the same value, causing a uniform tension state from, 
one end to the other of the belt. 

Preferably, the axial distribution thickness of the 
cord coils is determined by the following relation: 

R 2 

Nx = K — — No 
r 

wherein: 

No is the number of cord coils arranged in a central 
portion of unitary length located on either side the 
equatorial plane; - 

R is the distance between the center of said portion 
and the rotation axis of the tire; 

r is the distance between the center of the unitary 
portion between the equatorial plane and the axial 
ends of said radially external layer and the rotation 
axis of the tire; 

K is a parameter that takes into account the constit- 
uent material and the cord formation, as well as the 
amount of rubber around the cord and the weight of 
the radially-internal layer portion at said unitary por- 
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tion, which is variable with variations in the material 
type and structural features of the belt strips along 
the crown profile that diverge from a reference 
value. 

5 

This parameter K may take a value substantially 
close to 1 if the cords have the same formation and ail 
the connected materials are the same throughout the 
layers, or different values according to variations in the 
materials and formation of the reinforcing elements 10 
along the peripheral extension of the belt structure. 

Solely by way of example, a zero-degree cord layer 
might be devised comprising textile cords (of aramid) in 
central position and metal cords (HE) in the adjoining 
side portions, and vice-versa. 15 

Clearly, those skilled in the art may find other rela- 
tions which, according to the aforementioned design 
variables, would allow to achieve at the same time a dif- 
ferentiated stiffness along the axial direction and a 
stress uniformity in the belt structure of the running tire, 20 
by varying in a controlled manner the thickness of the 
above cords. 

Preferably, the winding thickness of the zero- 
degree cords in the area located on either side of the 
equatorial plane, where the maximum thinning out takes 25 
place, is not greater than 8 and more preferably is 
between 3 and 6 cords/cm. 

The axial width of said zone varies preferably from 
10% to 30% of the axial development of the belt 

Preferably, the quantity of cords in said central area 30 
is equal to a value between 60% and 80% of the quan- 
tity of cords near the tire shoulders, where the thickness 
of said cords is preferably not greater than 1 0 and more 
preferably included between 6 and 8 cords/cm. 

Turning now to consider the radially internal layer 35 
9b of the belt structure 6, different alternative embodi- 
ments are possible, among which those skilled in the art 
may choose the most suitable one according to specific 
individual requirements. 

First of all, the layer 9b may comprise two strips 17, 40 
18 of rubberized fabric provided with renforcing ele- 
ments incorporated in an elastomeric matrix, oriented 
according to two preferred directions crossing each 
other in the two strips and preferably symmetrically 
inclined in relation to the equatorial plane X-X, substan- 45 
tially in the same manner as the traditional belts of the 
prior art 

The substantial difference with respect to the latter 
belt resides in a more reduced stiffness of the present 
belt at a wide zone a (of from 10% to 30% of the axial so 
width of the belt) on either side of the equatorial plane 
(see Figures 3 and 4); said more reduced stiffness may 
be conveniently achieved by acting either on the thick- 
ness of said renforcing elements or on the constituent 
material or on their orientation with respect to the equa- 55 
torial plane or on any combination of the above expedi- 
ents. 

This stiffness value may be expressed in different 



ways, for instance by the thickness of said reinforcing 
elements (all other conditions being equal), but more 
generally it is expressed by the modulus of elasticity or 
ultimate tensile stress of said radially internal layer 9b of 
the belt structure 6, measured in the circumferential 
direction of the tire; said layer 9b preferably has a stiff- 
ness that does not exceed 65% of the stiffness of the 
equivalent belts in the prior art 

In particular - the material, structure and lying 
angles being equal - the overall thickness of the rein- 
forcing elements crossing a right section of unitary 
width, on either side of the equatorial plane, in an 
oblique direction relative to said plane, as shown in Fig- 
ure 3, does not exceed and preferably is lower than the 
usual thickness of traditional belts, which, as is known, 
is in the order of 14 cords/cm. 

The angles (p) formed by said cords relative to the 
equatorial plane (X-X) are between 18° and 50° and 
preferably between 22° and 45°. 

According to an advantageous embodiment, said 
superposed stops 17, 18 are interrupted at the equato- 
rial plane X-X, giving rise to a zone a of width of from 
10% to 30% of the axial extension of said belt, in which 
zones only circumferentially-directed reinforcing cords 7 
are present 

The end edges of said strips are in a stepped rela- 
tionship, as currently occurs in the art 

The above described embodiment has the advan- 
tage of allowing to choose in the aforesaid strips 17, 18 
suitable thickness values for the side portions of the belt 
structure 6 without correspondingly thickening the cen- 
tral crown portion 1 6 of the same. 

In particular it was found that for nylon cords having 
title 940/2, thickness values of from 4 to 8 cords/cm 
were appropriate in combination with orientation angles 
relative to the radial direction of from 30° to 50°. 

Preferably, the reinforcing elements of said strips 
are monofilaments and/or twisted or untwisted yams 
and their cords are made of varied textile materials, for 
example natural fibres, as rayon or cotton, synthetic 
fibres, such as polyamide. nylon or aramid, or even of 
metal. 

In a preferred embodiment, both strips 17, 18 com- 
prise cords of the same material, whereas in a further 
embodiment the cords of one strip are made of a differ- 
ent material from that of the other strip, nylon-aramid or 
aramid- metal combinations being for example selected; 
in this case, the angles (0) of said cords, included within 
the aforesaid range, are preferably different from one 
another and not symmetrical. 

In an alternative solution, shown in Figure 4, the 
radially internal layer 9b is formed of two strips 17, 18 
axially arranged side by side along the peripheral pro- 
file, each of them being provided with reinforcing ele- 
ments oriented in a crossed direction inclined with 
respect to the equatorial plane, so that the two strips 
give rise to a substantially herringbone configuration of 
the reinforcing elements. 
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In this case too, the two side-by-side strips may be 
kept close to each other or also joined along their facing 
longitudinal edges, or completely separated. In this 
case, it is useful for the facing edges to keep the same 
axial width mentioned above in the case of the super- 
posed strips. 

The previous remarks in connection with the con- 
stituent material, orientation and thickness of the rein- 
forcing elements of said two strips also apply to the 
individual strips as described just above. 

In a further advantageous embodiment of the 
invention, said radially internal layer 9b consists of a 
sheet of elastomeric material, either axially continuous 
or interrupted at the equatorial plane X-X, as already 
described, charged with a reinforcing filler consisting of 
short discontinuous fibers optionally randomly dis- 
persed within the elastomeric matrix, but preferably sub- 
stantially oriented in an axial direction or a direction 
inclined with respect to the equatorial plane X-X, sym- 
metrical with the direction of the adjacent sheet portion. 

In this case, one can no longer speak of fiber thick- 
ness but should consider their distribution density per 
unit volume: this density is preferably between 0.5% 
and 5% of the overall volume^ 

Conveniently, said fibrous reinforcing fillers are 
made of a material selected from the group comprising 
textile, metal, glass fibers or short fibers formed with 
fibrils of aramid. 

For the purposes of the invention, the use of short 
aramid fibrillated fibers, better known as "aramid pulp" 
or "Kevlar^-pulp", has proven advantageous. 

A tread band 8, by means of which the tire 1 gets in 
touch with the ground, is applied in a known manner 
onto the belt structure 6 described hereinabove. 

The tread band 8 comprises a plurality of rubber 
blocks, all indicated by reference 10, defined between a 
plurality of grooves 1 1 extending in a direction substan- 
tially transverse to the running direction of the tire, indi- 
cated by arrow D in Figure 2. 

For the sake of convenience, the term: rubber 
block, is used in this description to indicate an elon- 
gated portion of the tread band 8 extending in a prevail- 
ing axial direction and between two subsequent grooves 
11. 

Each of said grooves 1 1 comprises in its turn a bot- 
tom 12 connected to opposite inlet and outlet sidewalls 
13, 14 having a predetermined inclination with respect 
to the bottom 12 according to the position considered 
along the axial development of the tread band 8. 

More particularly, according to the invention, the 
inclination of the inlet and outlet sidewalls 13, 14 of the 
grooves 1 1 has a constant and predetermined value in 
an equatorial zone of tread band 8 indicated by E in Fig- 
ures 1 and 2. 

Preferably, such equatorial zone E of the tread band 
8 extends on either side of the equatorial plane X-X of 
tire 1 for a width of from 10% to 35% of the axial devel- 
opment of said tread band. 



Still more preferably, the equatorial zone E extends 
on either side of the equatorial plane X-X of the tire for 
a length of from 25% to 30% of the axial development of 
the tread band 8. 
5 In the equatorial zone E, the iniet wall 13 of the 

grooves 1 1 is inclined towards the roiling direction of the 
tire and forms, with respect to a plane n tangent to bot- 
tom 12, an angle a varying from 80° to 90° (Figure 7). 

As described hereinabove and illustrated in Figures 
io 7 and 8. the angular values defining the inclination of 
inlet and outlet sidewalls 1 3, 1 4 of the grooves 1 1 will be 
all measured in counterclockwise direction starting from 
the above plane n tangent to the bottom 12 of said 
grooves. 

is According to a preferred embodiment shown in Fig- 
ure 7, the inlet wall 13 of the grooves 11 forms, with 
respect to plane n, an angle a equal to about 85°. 

In other words, the inlet wall 13 of the grooves 11 
forms, with respect to a plane perpendicular to the bot- 

20 torn 12, an angle equal to about 5°. 

In the equatorial zone E of tread band 8, the outlet 
wall 14 of the grooves 1 1 is, instead, inclined towards a 
direction opposite to the rolling direction of the tire (i.e. 
towards the left side, with reference to Figure 7) and 

25 forms, with respect to plane ic. an angle a* of from 100° 
and 130°. 

According to a preferred embodiment shown in Fig- 
ure 7, the outlet wall 14 of the grooves 1 1 forms, with 
respect to 7t, an angle a* equal to about 1 1 5°. 

30 In other words, the outlet wall 1 4 of the grooves 1 1 
forms, with respect to a plane perpendicular to the bot- 
tom 12, an angle equal to about 25° measured in the 
direction opposite to the rolling direction of the tire. 
According to the invention, in opposite side zones F, 

35 G of the tread band 8, external to said equatorial zone 
E, the inclination of the inlet and outlet sidewalls 13, 14 
of the grooves 1 1 varies linearly - as a function of the 
chord of tire 1 - as one moves away from the equatorial 
plane X-X, approaching opposite end portions 8a, 8b of 

40 the tread band 8. 

More particularly, angle a - formed by the inlet wall 
13 of the grooves 1 1 with respect to plane n tangent to 
bottom 12 - linearly decreases according to the chord 
and reaches a value of from 50° to 80° at the end por- 

45 tions 8a, 8b of tread band 8 (see Figure 8). 

In other words, in the opposite side zones F, G of 
the tread band 8, the inclination with respect to plane n 
of the inlet wall 13 of the grooves 1 1 linearly decreases 
until it reaches the minimum inclination at said end por- 

so tions 8a, 8b. 

Preferably, at the end portions 8a. 8b, the inlet wall 
13 of the grooves 1 1 forms, with respect to plane an 
angle equal to 65°, i.e. it forms, with respect to a plane 
perpendicular to the bottom 12. an angle equal to about 

55 25° (see Figure 8). 

The preferred variation rule of angle a as a function 
of the distance from the equatorial plane X-X of tire 1 
measured along the chord of the same (indicated by 
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Among them, the following may be mentioned: 

a) possibility of reducing the tire weight, and along 
therewith, reducing the disturbing effects on vehicle 
trim caused by impacts or ground roughness, as 5 
well as reducing the braking distance because of 
the lower inertia of the tire; 

b) a greater wear uniformity of the tire tread, with 
ensuing advantageous increase in road holding of 10 
the same; 

c) an increased thermal stability of the rubber 
blocks formed on the tread band; 

is 

d) a lower rolling resistance of the tire, with ensuing 
wear reduction; 

e) an improved capacity of the tire of draining off the 
water present under the ground-contacting area 20 
(aquaplaning). 

Lastly, thanks to the adoption of a belt structure with 
zero-degree cords, the tires of the invention allow to 
design the tread band pattern without those constric- 25 
tions irrthe choice of the solid/hollow area ratio which 
limit the(form and position of the grooves in the tires of 
the prior art. 

The ensuing design freedom allows not only to 
improve the performances of the tire as has already 30 
been described hereinabove, but also to obtain tread 
patterns having excellent characteristics also from an 
aesthetic point of view, with all the resulting commercial 
advantages. 

Obviously, those skilled in the art may introduce 35 
variants and modifications in the above described 
invention, in order to satisfy specific and contingent 
requirements, which variants and modifications fall any- 
how within the scope of protection as is defined by the 
appended claims. 40 

Claims 

1 . A tire for two-wheeled vehicles having a curvature 
ratio not lower than 0.3, comprising: 45 

a carcass structure (2) of toric form having a 
high transverse curvature and provided with a 
central crown portion (16) and two sidewalls 
ending in a couple of beads (15) for anchoring so 
onto a corresponding mounting rim; 

a belt structure (6), drcumferentially inextensi- 
ble. coaxially extended around the carcass 
structure (2); ss 

a tread band (8) coaxially extended around the 
belt carcass (6) and comprising a plurality of 



20 

rubber blocks (10) defined between a plurality 
of grooves (11) extending along a direction 
substantially transverse to the running direction 
of the tire, said grooves (11) comprising a bot- 
tom (12) connected to opposite inlet (13) and 
outlet (14) sidewalls extending substantially 
perpediculariy to said bottom (12); 
characterized in that: 

a) said belt structure (6) comprises at least 
a radially external layer (9a) including a 
plurality of circumferential coils (7a), axtally 
arranged side by side, of a cord (7) wound 
at a substantially zero angle with respect to 
the equatorial plane (X-X) of the tire; and in 
that 

b) the area occupied by said rubber blocks 
(10) in a portion of the tread band (8) hav- 
ing a length equal to a pitch (p) of the tread 
pattern and a width equal to the axial 
development of the tread band (8) is 
between 70% and 90% of the total area of 
said portion. 

2. A tire according to claim 1 , characterized in that the 
area occupied by said rubber blocks (10) in said 
portion of the tread band (8) having a length equal 
to the pitch (p) of the tread pattern and a width 
equal to the axial development of the tread band (8) 
is between 80% and 85% of the total area of said 
portion. 

3. A tire according to claim 1, characterized in that 
said cord coils (7a), arranged at a substantially zero 
angle with respect to the equatorial plane (X-X) of 
the tire, are distributed with a variable thickness 
along the axial development of said belt structure 
(6). 

4. A tire according to claim 3, characterized in that the 
thickness of said cord coils (7a) progressively 
increases from said equatorial plane (X-X) towards 
the ends of the belt structure (6), said thickness 
having a value not greater than 8 cords/cm in a 
zone located on either side of the equatorial plane 
(X-X). 

5. A tire according to claim 4, characterized in that the 
thickness according to which said cord coils (7a) 
are distributed is given by the following relation: 

R 2 

Nx = K No 
r 

wherein: 

No is the number of cord coils (7a) arranged in 
a central portion of unitary length located on 
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opposite to the rolling direction of the tire and forms 
with respect to a plane (n) tangent to said bottom 
(12) an angle (a*) of from 1 00° to 130°. 

22. A tire according to claim 21, characterized in that 5 
said angle (a*) is between 1 10° and 120°. 

23. A tire according to claim 21, characterized in that 
said angle (a*) is substantially constant along said 
equatorial zone (E) of the tire. 10 

24. A tire according to claim 21, characterized in that 
said equatorial zone (E) extends on either side of 
the equatorial plane (X-X) of the tire for a portion 
having a length of from 10% to 35% of the axial is 
development of said tread band (8). 

25. A tire according to claim 21 , characterized in that at 
opposite side zones (F, G) of the tread band (8), 
external to said equatorial zone (E), angle (a 1 ) line- 20 
arly decreases according to the chord of the tire 
down to a minimum value of from 90° to 100°. 

26. A tire according to claim 21 , characterized in that in 
said equatorial zone (E) of the tread band (8) the 25 
inlet wall (13) of said grooves (11) is inclined with 
respect to said bottom (12) towards the rolling 
direction of the tire and forms with respect to a 
plane (n) tangent to said bottom (1 2) an angle (a) of 
from 80° to 90°. 30 



27. A tire according to claim 26, characterized in that 
said angle (a) is substantially constant along said 
equatorial zone (E) of the tire. 

35 

28. A tire according to claim 26, characterized in that at 
opposite side zones (F, G) of the tread band (8) 
external to said equatorial zone (E), said angle (a) 
linearly decreases according to the chord of the tire 
down to a minimum value of from 50° and 80°. 40 

29. A tire according to claim 28. characterized in that 
said angle (a) is between 60° and 70°. 
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